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In this replication, the tests were administered to 249 high school students, and
results were combined with those obtained earlier. This provided stable estimates of
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FOREWORD

This research and development was conducted under the sponsorship of the Defense
Advanced Research Projects Agency and is related to studies of criterion-referenced
testing being conducted at this Center. Information resulting from this testing will be
incorporated in a testing manual being prepared by the Navy Personne! Research and
Development Center. This manual will be used operationally by the Chief of Naval
Education and Training, the Chief of Naval Technical Training, and the Chief of Naval
Education and Training Support (specifically, the Instructional Program Development
Centers).

A previous report, NPRDC TR 78-23 of June 1978, described the beginning phases of
a contractual effort aimed at examining the qualities of test questions written from a
variety of methods. This report describes a replication and extension of that work.
Results will be considered in further development of algorithmic procedures for generat-
ing test questions from prose materials.

Appreciation is expressed to Dr, John R. Bormuth of the University of Chicago, and
Dr. Jason Millman of Cornell University, who were consultants for this project.

Dr. Pat-Anthony Federico of this Center served as the Contracting Officer Technical
Representative.

DONALD F. PARKER
Commanding Officer



SUMMARY

Problem and Background

Methods for writing test questions or items, particularly for criterion-referenced
testing, are needed that are (1) based on a logically defined relationship between the
instructional materials and the test items written to assess learning from those materials,
and (2) capable of producing items that can be easily replicated by many test developers.
Such methods should allow tests to become more scientific instruments and contribute to
the advancement of instructional research, educational evaluation, and the use of test
data in forming public policy.

In an earlier study (NPRDC TR 78-23), an attempt was made to refine a method of
objectively generating multiple-choice test questions by transforming sentences from
prose instructional materials and developing foils or question alternatives by an al-
gorithmic method. In that study, selected instructional material was computer-analyzed
to identify high information words--those that are relatively rare in American Eng-
lish--and to determine the text frequency of those words. Twenty high information nouns
and adjectives--10 rare singletons and 10 keywords--were selected for use as questions
words. Singletons are high information words that occur only once in a passage; and
keywords, those that occur more than once. Twenty sentences were then selected for
transformation into items by four item writers. Five of these sentences included rare
singleton nouns; five, rare singleton adjectives; five, keyword nouns; and five, keyword
adjectives,

The four item writers transformed the selected sentences by substituting the question
words with wh-words {(who, what, etc.), and generated item foils or response alternatives
both informally and with an algorithmic method. This resulted in 160 items--20 selected
sentences transformed by four item writers using two foil methods--that were organized
into eight 20-item test forms. These test forms were administered to 24 subjects--three
to each form--before (pretest) and after (posttest) they studied the instructional
material. Care was taken to ensure that students compleied different test forms on the
two test occasions. Average pretest and posttest item difficulty, as determined by the
percentage of subjects who answered the question correctly, were computed for items (1)
produced by each of the four writers, (2) derived from each of the four types of question
words, and (3) with foils generated by each of the two methods.

Results indicated that rare singleton nouns and adjectives and keyword adjectives are
promising candidates for use as question words in developing questions that test learning
from prose. Keyword nouns, however, are not good candidates. It was concluded that the
methods used to generate foils algorithmically were feasible. Althoiigh foils produced by
these methods were somewhat easier than those gencrated by item writers, they still
appeared to produce a significant shift in difficulty from pretest to posttest when
instruction was provided between testing sessions.

Purpose
The purpose of this study was to extend or replicate the earlier stucly. It is expected

that the results will form the basis for additional development of algorithmic procedures
for generating test questions from prose materials.
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Approach

The eight forms were administered to 249 high school students before and after they
had studied the instructional mater:al. For both pre- and posttest, about 30 students were
randomly assigned to each of the test forms. Care was taken, however, to ensure that the
forms administeted to each subject on the two test occasions were different.

To obtain stable estimates of item difficulty, test resulis from the earlier study were
combined with those obtained in this study. Thus, the total number of subjects was 273
(24 college students and 249 high school students). A repeated measures analysis of
variance was used to examine differences in item difficulties between (1) the four item
writers, (2) the two parts of speech of question words, (3) the two types of text
frequencies (keyword and rare singletons), (4) the two foil types, and (5) the two test
occasions.

Results

l. Items based on rare singleton nouns and adjectives and keyword adjectives
showed a significant change in item difficulty from pretest to posttest, indicating that
such items are usefui in learning from the type of prose used in the study.

2. Items derived from keyword nouns produced low quality items, primarily because
the sentences they occurred in were usually introductory sentences of a general nature.

3. The two types of foils proved to be almost equally etfactive for iearning, as
evidenced by the similarity in postiest ivemn difficuity. Those generated py item writers,
however, wore considerabiy harder on the pretest and showed a higher change in item
diificulty from pretest to posttest than did those generated aigorithmically.

4. No significant differences between item writers were found, indicating that the
sentence transformation methods employed apparently neutralized the effects of item
writer bias that has been found in other studies of item writing.

Conclusions

The concept of using a computer-based algorithm to analyze prose instructional
materials and to identify high information words appears to be workable. High
information rare singleton nouns or adjectives, as well as keyword adjectives that occur
no more than three times, appear to be good candidates for question words. Keyword
nouns, however, apparently are not good candidates, particularly when they occur in
general introductory sentences.

Recommendations

1.  Rare singleton nouns and adjectives and keyword adjectives that occur infre-
quently in instructional material should be used to select sentences from prose passages
for transformation into questions that measure reading comprehension. Keyword nouns
should not be used, particularly when they occur in general introductory sentences.

2. Methods of algorithmically generating foils for multiple-choice versions of

sentence-derived questions should be further refined and applied in a variety of subject
matter areas.

viii
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INTRODUCTION
Problem

Methods for writing test questions or ttems, particularly for criterion-referenced
testing, are needed that are (1) based on a logically detined relationship between the
instruc tional materials and the test items written te assess learning from those materials,
(2} defined by a set of operations open to public inspection, and (3) capable of producing
items that can be easily replicated by many test developers,  Such methods should allow
tests to becomne more scientific instruments and contribute o the cdvancement ¢
instruc tinal research, educational evaluation, and the use of test data in forming public
pohicy.

Nav kﬂr 0\1!_\_(!

Roid and Finn (1978) attempted to refine a method of objectively pgenerating
multiple-choice test questions by transforming sentences from prose instructional mate-
rials and developing foils or question alternatives by an algorithmic methad, A prose
passage on insect development (see appendin), which was written for approximately the
high school level, was selected for use in the Roid and Finn study, Items (stems and foils)
to test learning from this pasage were developed using the following procedire:

I, The selected material was computer-analvzed to dentify high information
words--those that are re! oo=lv rare in American English--and to determine the text
frequency of those words,  Twenty high information nouns and adjectives--10 rare
singletons and 10 Keywords-. are selected tor use as question words, Singletons are high
information words that occur only once in a passage: and kevwords, words that occur more
than once,

2. Twenty sentences were then selected for transtormation into multiple-choice
items by four rtem writers, Five of these sentences included rare singleton nouns; five,
rare singleton adjectives; tive, Keyword nouns; and five, keyword adjectives.

Lo The stems for these multiple-choice items were produced by substituting the
question words with wh-words (who, what, etc.).  For example, the rare singleton
"silverfish” appeared in the following sentence: "The most prinntive insects, such as the
silverfish, do not go through metamorphosis.” For this sentence, one writer produced the
following item stem:  "The most primitive insects, such as what, do not go through
metamorphosis?™  Next, for each of the 20 stem items produced, each writer produced
two sets of foils or alternatives. Ope set was produced informally by the writer; and the
other, by an algorithmic methad.  For example, for the above item stem, the writer/au-
thor produced the following foils:

a.  Informally- -Buatterflies, Silverfish, Canine, and Cicadas.
b, Algorithmically--Silver fish, emales, Individuals, and Wasps.,

This process resulted in 160 multiple-choice items: 20 selected sentences trans-
tormed by four item writers using two foil methods. For a given instance, the stems, as
well as the foils produced informally by the writers, were comparable but not identical.
The foils produced algorithmically, however, were the same across items/writers.
Examples are provided in the appendix.



To penerate forly toe the rare sangleton and keyword nouns, those setected as question
words were classified semanticatlv using the method developed by Frederichsen (1979,
which s shown in Pygare 1 To atlastiate, using this method,  the singleton noan
"siiver Hish" would be classified as A concrete, processive, anpnnate soun (1Y, Oher rare
sigleton and Kevword ouns i the passape that also met this classiication were then
selen ted at randam W0 create touds. Those selected as toils {or "atvertish” asing this
inethod were "females,” "individuals,™ and "wasps” as idicated above.

ANIMA T

41
Y. M :
(ANIMAL MAN INSTCT IONNS e A

MOV GAME SONG SIHEUTD

PROGHE R5IVE

(+ CHANGEY | GONSYMBOL I

INANIMATE

NONSYMDOL R

43
GWIND HEAT NQISE PRESSU

SYMBOUIC 44

GROCKR LETIER Y umg

CONCRLYI

STAT:C
v CHANGE?

45 1
FROCESSIVE ARSTRACT

(ROCK BOUISE SHOVE L SN il i a0

i AOVE HOPRE )

i ABSTRAQT

STATIC ARSTRACT 4

(TENGYH POUNDS st

Figure 1. Frederichsen's semantic classification of nouns,

To generate foils for the adjective question words, all rare singleton and hevward
adjectives in the prose passage (not just those selected as question words) were classitied
using semantic differential technigues (Nunnally, 1967, pp. 365380 In research using
E these technigues, adjevtives are typicallv classified based on their (1) evatuation ’;o.s..
— goad or had), (2) potency (e strong of weak) (D activite (e, fast or stow), and ()
fatmbiarity (g suinple o comples), I addition o these four catepories, rave singleton
and hevward adjectives in the prose passage were classified accordimg to whether o not
they could be considered as "technical™ words. This latter category s particatariv usetul
- technically-oriented  material, particutorly foe grovping adjectives that relate o a
s certain noun,

After these adjectives were classified according to these five categories, thev were
analyzed as to their familiarity, using the Nale-Chall (1%8) list ot 3000 famitiar words, 1
they were included in that hist, they were not used as foils because they were too familiar
&3, thus, too casy. Approximately 59 adjectives passed this screen and quahified for use
as foils, From this group, foils were developed by randomiy selecting those having the




same classification as the adjective question words (i.e., as to elevation, potency, etc.).
For example, thuse selected for the rare singleton "pupal" were "nymphal," "parasitic,"
and "insect" (see appendix).

From the 160 items, eight 20-itern test forms were developed. Each test included
five 1tems generated from rare singleton nounrs; five, from keyword nouns; five, from rare
singleton adjectives; and five, from keyword adjectives. In addition, test forms were
organized so that each included five items from each of the four item writers, ten .tems
with foils generated informally by the item writers, and ten items with foils generated
algorithmically. The internal consistency reliability estimates (Kuder-Richardson Reli-
ability Formula Number 20) averaged .63 for these test forms.

The eight forms were administered to 24 students from the Oregon College of
Education before (pretest) and after (posttest) they had studied the prose passage on
insect development. For both pretest and posttest, three subjects were randomly assigned
to each of the eight test forms; care was taken, however, to ensure that the pretest and
posttest forms administered to each student were different.

Average pretest and posttest item difficulties, as deterinined by the percentages of
students who answered the item correctly, were computed for items (1) produced by each
of the four writers, (2) derived from each of the four types of question words, and (3) with
foils either generated informally by the writers or algorithmically. Also, a nonparametric
analysis of variance (ANOVA) (Wilson, 1956) was used to examine differences in item
difficulties between (1) the four item writers, (2) the four question word types, (3) the two
foil types, and (4) the two test occasions.

Results showed that items based on rare singleton nouns and adjectives and keyword
adjectives showed a significant change in item difficulty from pretest to posttest,
indicating that such items are useful in learning from the type of prose used in the study.
Items derived from keyword nouns, however, produced low quality items, primarily
hecause the sentences they occurred in were usually introductory sentences of a general
nature.

The two types of foils proved to be almost equally effective for learning, as
evidenced by the similarity in posttest item difficulty. Thus, Roid and Finn concluded
that the methods they used for generating foils were feasible. Although foils produced by
these methods were somewhat easier than those generated by item writers, they still
appeared to produce a significant shift in difficulty from pretest to posttest when
instruction was provided between testing sessions.

Finally, the results of the ANOVA showed a strong mean effect for test occasions,
which indicates that all types of items were effective for learning. There was also a main
effect for word type, which was caused by the easier items derived from keyword nouns,
as noted above. Finally, there were two significant three-way interactions: (1) writers bv
word type by pretest-positest and (2) writer: by foil types by pretest-posttest. The firs:
was caused by variations in item difficulties in items produced by the different writers;
and the second, by the fact that one writer generated better foils than the others.

Purpose

The purpose of this study was to extend or replicate the Rcuid and Finn study. It is
expected that the resulis will form the basis for additional development of algorithmic
procedures for generating test questions from prose materials.



APPROACH

Subjects

The eight forms developed in the Roid and Finn study were administered to 249 high
school students before (pretest) and after (posttest) they had studied the passage on insect
development. For both pretest and posttest, approximately 30 subjects were randomly
assigned to each of the eight test fornis. Care was taken, however, to ensure that the
pretest and posttesi forms administered to each subject were different.

"nalysis

For purposes .t analysis, test resuits from the earlier study were combined with those
obtained in this study. Thus, the tetcl number of subjects was 273 (24 college students
and 249 high schonrl students). Since the numbe: of subiects reponding to each test form
varied from 27 to 38 on the pretest and from 23 to 33 on the posttest, it was possible to
ohtain quite stable estimates of item difficulties. A repeated-measures analysis of
variance (ANOVA) (4 x 2 x 2 x 2 x 2 factorial design) was used to examine differences in
item difficulties hetwe=n (1) the four item writers, (2) the two parts of speech (adjectives
and nouns) of question words, (3) the two types of text frequencies (keyword and rare
singletons), (4#) the two foil types (writer's choice and 1ilgorithmic), and (5) the two test
occasions (pretest and posttest).

With 160 items givan on two occasions, the analysis had 320 data points, and five
replications per cell. The ANOVA, which was conducted on the item difficulties for items
in each cell of the design, is useful for determining the "instructionai sensitivity" of
items A significant r.ain effect for the pretest-pcsttest factor would indicate that
pretest difficulties were significantly different from posttest difficul.ies for all items. A
significant interac.ion effect involving the pretest-posttest factor would indicate tnat
certain types of items differed in the pattern of their pretest and posttest difficulties.

RESULTS AND DISCUSSION
ANOVA Kkesults

Table 1, which presents the results of the analysis of variance (ANOVA) of item
difficulties, shows that the strongest effect was the main effect for test occasions (R).
This finding indicates that, across all types of items, the percentage of subjects getting
pretest items correct was lower than ihe percentage of subjects getting posttest items
correct. In other words, most items showed instructional sensitivity. Table 2 shows that
pretest item difficulties averaged 47.6 percent across all items; and posttest item
difficulties, 74.4 percent. This indicates that the subjects did lea~n by reading from the
passage, even though nearly half were able to guess th= correct answer to most questions
on the pretest. With four-option multiple..choice items such as those used in this study,
2xcellent items should show pretest difficulties nearer to the level of random guessing
(25%).

Two important findings of this experiment were t e main effect of part of speech (P)
and the interaction of P and the repeated measur ‘RP), as shown in Table I. An
inspection of Table 3--P and RP interaction effects--reveals that items based on noun
Juestion words were significantly easier overa!l then were items based on adjec-
tives--65.6 vs. 56.3 percent. Also, the difference between pretest and posttest
difficulties was greater for nouns than for adjectives (29.5 vs. 24.1%) (untabled), which




Table |

Repeated Measures Analysis of Variance on tem
Difficulties of Items of Bach Type

Source Ui I’
. W (Writers) A L2
T E (Foil Type) |
% B (Noun vs. Adiective) i 12,
: S (Keyword va. Rare Singleton) ! 2.2
. Wi ) Y
£ wh 3 .60
= I'p I oo
% WS ) F.29
IS ] 1.3}
PS I e, 21
wWIp ) H
WIS L} . W
WS \ .25
= FPS I -
WEDPS } W
Residual 128
R (Pretest vs. Posttest) I 472,01
RW 3 1.90
RF | 1.37
2 RP 1 o 7Guan
RS | 2.0%
E RWI ) 1,74
. RWpP 3 2.5
REDP I V. 0k
RWS 3 R
RIS ] 9,250
RIS I 20,47
RWEP \ 1.0%
E RWFS 3 L6l
3 RWDS | 2. 00
RIPS 1 LH
RWIDS ) .57
Residual 128
p <001,

p <.003,
Yaap < ,03.




Table 2

Means and Standatd Deviations of Hem Ditticulties
on Mietest and Postiest

Mretest PPostiest

Type of Htem Mean ANRAR Mean ARAR
Writer (W)

1 TN 1IN N 2l

2 49,5 (R 7eu7 174

3 he.? 20,9 ;Y.7 J0.2

4 hr.? 19, ¢ TTLN 17,2
Foil (F).

Writer's Choce TR 0.1 Tho 19,4

Algorithwmic 48.8 8.7 h.l 18,9
Part of Speech (1)

Noun 5.8 0.1 SO 4 ta,l

Adjective b A [INPs 6l 4 Alua
Stem Type (V)

Keywaord Sl IN. 4 AN 1.4

Rare Singleton bu. X 20.0 Tl N
Test Forns:

| WY ,s 171 L 20.4

2 LA § A R 1.6

1 by, .} PR ) PO 19,4

4 5.9 189 *h .0 Pl

b} 5.7 I8, 1.9 6.7

6 469 15,1 T 14,4

7 LRI 19,8 679 U7

N s 0.9 709 21,2
All Hems 47 6 14,4 Thoh 19,1
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Table 3

Means and Standard Deviations of Ttem Difficulties
for Various Interaction Effects

Repeated Measure (R)
Pretest Dosttest Average

Variable Mcan S, Mean S, Mean S.D.

P and R Interaction Bf{ects

Noun 50.8 20.1 30.3 1.1 65.6 4.7
Adjective 443 18.2 68 .4 21,5 5.3 18,1
Average U7 .6 19.4 4.4 19,1 61.0 17.1
'S and RPS Interaction B{fects
Noun-based ltem:
Keyword 61,3 15.7 839 12.8 72.4 12.3
Rare Singleton 40 .4 18.6 773 4.8 SR8 11.8
Adjective-based ltem:
Keyword .4 4.0 670 15.6 53.4 13.4
Rare Singleton 491 20.6 6 26 .3 21.6
Average 47 .6 19.4 74 19.1 ol.0 17.1
RES Interaction Bifects
Writer's Choice Foils
Keyword 52.9 18.2 79.3 17.5 68.9 6.3
Rare Singleton 4e.,2 20.2 74.0 214 57.1 17.9
Algorithmic FFoil:
Keyword 48,2 18.6 5.6 15.4 6.9 15.8
Rare Singleton 49,3 19.0 72.7 21,9 61.0 181
Average 47.6 19,4 7.4 19.1 61.0 17.1

Note. See Table ! {for definitions.
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indicates that noun-based items had greater instructional sensitivity than did adjective-
based items.

An examination of the PS and RPS interaction effects in Table 3 further reveals the
source of the difference between nouns and adjectives in this study. As shown, the
average difficulty of items based on keyword nouns is 72.4 percent compared to less than
60 percent for the other types of items. This is because keyword nouns typically occur in
introductory sentences that are very general and that address the main topics o the
entire passage. For example, in the passage on insect development, the keyword noun
“insects" appears in the very first sentence, which happens to be a very general
statement--"The life of most insects is short but active." Students can usually answer
questions derived from this type of sentence without having to read the prose passage.
Also, keyword noun items were relatively easy for subjects to recall on the posttest
(average item difficulty of 83.5%), possibly because they were mentioned several times in
the passage (see Table 4). This assumption supports Finn's (1977) hypothesis that the
information content of rarc words is reduced by their high text frequency. Although the
fact that keyword adjectives produced the most difficult items (53.4%) appears to be
inconsistent with that hypothesis, Table 4 shows that the keyword adjectives occurred
fewer times than keyword nouns. Thus, Finn's hypothesis does apply, in that higher text
frequency was related to the easiness of items constructed from keywords. With text
frequencies of 2 or 3, the keyword adjectives were very ciose to being rare singletons

Table &

Question Words Selected from the Passage
and Their Text Frequency

Nouns Adjectives
Rare Singleton Keyword Rare Singleton Keyword
Instars Insect (8) Piant-feeding Immature (3)
Cicadas Insects ,20) Pupal Incomplete (2)
Silverfish Metamorphosis (9) Spine-like Nymphal (2)
Wasps Egg (8) Self-made Aquatic (2)
Appetites Adult (8) Worm-like Distinctive (2)

Note. The number appearing in parentheses behind keywords represents text frequency.

The rare singleton nouns showed a good pattern of pretest and posttest difficulties.
They had the highest average instructional sensitivity--40.4 to 77.3 percent--a difference
of 36.9 percent. The rare singleton adjectives were somewhat casier on the pretest and
more difficult on the posttest than were the rare singleton nouns.

As shown in Table I, there was no main etffect for writers (W) or foil type (F), nor was
there a significant interaction between writers and foil (WF). This result 1s somewhat
surprising in that different writers would be expectad to write easier or harder items
when they were allowed to choose their own foils.




Table 1 does show one interaction (RFS) involving fo””  pe. The means and standard
deviations of item difficultics for that interaction are alsc  cluded in Table 3, As shown,
all of the posttest means aie very similar. A Newman-nuels a posteriori test of the
differences between pretest item difficulties in this interaci on, however, revealed that,
among the items with "writer's choice" foils, the rare-singletcn items were more difficult

on the pretest than were the keyword items (40.2 vs. 52.5%).

Variance Between Writers

The variability of item difficultics across item writers was examined to determine
whether the difficulties of items constructed with "writer's choice" foils varied more
across writers than did the difficulties of items constructed with algorithmic foils. It was
expected that some writers would choose very difficult foils for a given transtermed
sentence; and others, casy foils. The algorithmic foils, which were chosen at random from
inatched groups of similar words fromn the passage, should be free of any item-writer bias,
and, hence, less variable in their effects on item difficulty.

In examining the variability across writers, the focus was on each sentence that was
transformed by each writer, As indicated previously, cach of the four item-writers
produced multiple-choice items (stem and foil) for each of the 20 sentences selected for
transformation. It was, therefore, possible to identify four item difficulties for a given
combination of sentence and foil technique. For example, for the sentence containing the
keyword adjective "immature," the four items generated using the "writer's choice" {oil
method resulted in pretest difficulties of 38, 65 52, and 37 percent respectively, and
posttest difficulties of 67, 63, 74, and 52 percent, The pretest and posttest variabilities
were then calculated across these item difficulties, as shown in Table 5.

After all variances of item difficulties across writers were calculated, they were
subjected to a repecated measures ANOVA in which the dependent variables were the
natural logarithms of the variances (Scheff&, 1959, p. 83). The design for this analysis
was 2 x 2 x 2 x 2 with the following factors: (1) foil type (writer's choice vs. algorithmic),
(2) part of speech (noun vs. adjective), (3) stem type (keyword vs. rare singleton question
word), and (4) the repeated measure (pretest vs. posttest).  Surprisingly, results showed
that there were no significant main effects or interactions. For example, even though the
average variability of the writer's-choice foil method was 115,31 percent compared to
73.97 percent for the algorithmic foil method, the differences was not statistically
sigrificant.

One important limitation of the present study that should be mentioned is that only
four item writers were employed. Calculation of variabilities across only four writers is
clearly susceptible to the influence o1 any onc of the four itemn difficulties. With a larger
sample of writers, the effects may have been more clearly detectable,

CONCLUSIONS

The concept of using a computer-based algorithm to analyze prose instructional
materials and to identify high information words (i.c., those that are rare in American
English) appears to be woirkable. High information nouns or adjectives identified as rare
singletons (those occurring only once in a passage) are apparently good candidates for
question words. High information adjectives identified as keywords (those occurring more
than once in a passage) also appear to be good candidates for question words, providing
they occur only two or three times. In contrast, keyword nouns apparently are not good
candidates, particularly when they occur in general introductory sentences.

9
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Table 5

Variabilities and Standard Deviations

ltem Types

Foil Type:

Writer's Choice Var,
S,
Algorithmic Var,
S,

Part of Speech:

Noun Var.
SO,
Adjective Var.
S,

ltem Type:

Keyword Var.
S.D.
Rare Singleton Var.
S,

VP VP L — e e+

of item Mifficulties

Pretest

131,
A6

69.
8.

1

W
72

D
q_

19

W
16

45

30
86

.19
L

N
AR

RECOMMENDATIONS

Posttest

101. 21
10.06

78.24
8.8%%

R5.63
9.25

92.47
9.62

37,06
9.1

90.95
9. 54

Average

115.31
16.74

73.97
.60

$9.93
9.48

94, 85
9,74

9.2
9.71

90.44
9, 51

I.  Rare singleton nouns and adjectives and keyword adjectives that occur infre-
quently ininstructional material should be used to select sentences from prose passages

for transformation into questions that measure reading comprehension,

Keyword nouns

should not be used, particularly when they occur i general introdactory seatences.

2. Methods of algorithmically generating foils for multiple-choice versions ot
sentence-derived questions should be further refined and applied in a variety of subject

matter areas.

10
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APPENDIX

THE PROSE PASSAGE USED IN THE EXPERIMENT
AND EXAMPLES OF ITEMS PRODUCED FROM TEXT
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PROsE PAssAGE

HEen

U THE PAPTRIMENG

A INSECT DEVELOPMENT

Phe bte od most msects i hott et active Ve
tow sects hanve a hbe span ob mote than avean
By Tde span we mean the tune tem when the
e s Land o when the tallh n'l‘\t‘}ﬂln\. RIS
Pety boh at what bappens dunue thas persd

A ety develop Bone ey Baomost cases
thve vees hatch entade the Boady ot the temale
o the tow caves mwloeh the caes hateh imade
the fenabe the vonng are honn alnve © Phese
sen i b the aphnds e v to be vivpanan
A vp ahoaa)

Lt that hateh freen cees atter they have
Boon L e sad o e cnpaons olovgs ahoed
Mont maedds e VVLttons ot eaes each
cee proshicos snndie imatine et Hloweve
HLOThrn apoaies of paasitic wWasgs en Vbt
the cud nun pronla e e o imore vonng,

Mont et eges aie vens it tine The wee,
shape o color ot the cee o ditletent memont
cen for cach apeaes o pnect This enables o
perna who has made a4 standy o these eges to
wentty the msent that Led them abimast as eanihy
avat by Dud seen the aduht

Mot et cees e lad e g place that wall
provnle ot pratection ot tood T the vonng
Protectnun s ovpeenath amportant te those maeets
that vvenomter e the ey stace Ovetwitenny
means that the adidt wineet kins oty eces e the
Tats stnunor o et tall The vees thew are o
manc ot the nest spune when they batch Mot
ol the it ob thee spevies e kel In the
e Bent However the hatoling ot these cags m
the spome pradoces new mdiadialy o cany on
the vpecies

Mot plant feesbing mives s mstinetneh by then
ey on plants that the voung teed on This
ieanes the mmatie ety hanees of aivnal
Hths el of i estitation mterests vou the stiedy
and photogiaphy of nseet enes meht meke a
ol oot

Vet reachnm the proper stane obdes clopiment,
the vue widl hateh The vormg imsedt can e o
wamber ot wans to getont et the e Some mseets
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chew ther way ot Othens have special spischbe
atinetines, calted eoe binstens, which cut thioneh
the vhiell Plvre aie some ey whieh han e spaveial
weak spoty o them The veang maect eseapes
hem these cither By wneehng ae by takng imoan
ana buetig the shelb waith mtenial pressaee

After the Egg

Alter hatohang, all msects, eseept the et
promtinv e, v theneboosenes of steps e develep
ment Phese steps e called metamorphosis The
word metamerphoans comey hom e Greck
words meta, meanine te chanee and s pho
weanine tonn Pharetore, metanorphoas mean
achanee wm torm Vhs chonae i fetin osvims ae
twoshflerent wany These twe wans e cabled
complete and aeeplete netonerphosas Vhe
it prnntine ety soeh as the abvertande e
not g theneh metamorphions When they hateh
they fook ke then parents e eveny wan eveept
that they are smaller Phen developnient conaasts
of growmy hoger and bevoning able toepo
\||l\‘(‘

Incomplete Metamornhosis

hisects winehoshew ths upe ot metioorphos
have voang whieh kob very non b ke the adnds
of the species Theve nmature sevts e callsld
manphn Wath the evception of some it spe
s the pomvpal ditterences between theimmphi
amladnlts e moace and the prosence of wines
pee litiaton at the nght

Now think back to the descupton ot the pln
hine to whe bonoevts Bebone Vel pods Remem
et aae of the dharactenntios ot these mmah o
A havt onter covenne callisban cnnkch g the
evonheloton nooaede of o uenhving aalstanee
valiedd et (bt Clugne o hand and sodd and
has veny hittle stietch 7 Toade the eanheleton
there toveny httle roomm tor wion th

Tnorder teomon ] the ovinph nost eseape ths
selt made pason Edees e I seviehine anew
evanketeton noder the ol one When this wew
shin i camplete the old skeleton sphits o the
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back and the insect walks away and leaves it be-
hind Yon have probably seen some of these din
carded shis, calledd casts, on tree trunks

For a time after the mvect discards s old skin,
the new exankeleton v soft Flus allows the exo
sheleton to evpand and mabe room for furthes
growth

Fach of the pevicds hetween moits is called an
nstar Some avimplis go thiongh as mam as eight
o moie nntans befiue cmegme as adalts

Aquatic species that iaderge meonlete meta
morphoss et go throngh one mote stepon e
velopment A mmphs they hieathe Temeans ol
wlls Thewe lls nunt beaeplaced Iy an breath
nig cigans mthe adilt stage Tlos i done m the
Last nviplal mstar When at s e for the adule
ta eteree, the nvmph nses to the sinface and
molis: The fully developed adult stops ant of the
fnal nvmplud shin with fully developed organs
for breathimg air

Complele Melamotphosis

s s the tvpe of metamorphosis that most
people wre fimhar with Butterthes and moths
hase complete metamorphons Thewe ate fons
dntimet stawes epg, larva, popa, and adalt Sinee
the adnlts mam activity w prodicig ey, and
P sove von Anow awhat these e, we wall spend
onr time studving the larva and papa.

The Lievaes mam ol hle s o cat and grown
They have hnge gppetites Lanvae e very il
ent bom the adalts Thes do not have componnd
eves, sumes, and mnalh have dhiewane menth
parts cven i those orders where the adults have
ek menth pats

A lans may contime toeat and g gl sium
mer As cold weather approaches, o suay inld g
vcocont aml pass mte the papal stage

Muost of these mvects pass the winter mside the
coenon Becamse o ity s viable a2 this fune,
the papa has been falsely called a “resting stage ™
Actially aweat deal oF activaty o ang o Phe
wormlhe Lirvaos changing mto 1 fulls developed
adult When the weathern wowanm agam, this adnlt
carerges from the cocoon, mates, lavs eggs, and
starts the whole process over agam,
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Tt e hanve et that sall hateh aowale md o
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It lias Been bvaen for veans that sone o the
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not nake toave Battorihes Tor st

Hohes Teenadhincovorcd that the Females o these
apevies e ol o dintnctne odor s Thas aelor s
detectable Dy mnecty oner e it oy
Py ale todione s this soent bod back o the e
utal

s Bones to nod an mterestinn, oy nt
v eht oy A toend of vme vnee canehit e
venthy cmeraed temale Promethea moth He i
e Beabe g saeen cace and setat ontade has
window T leae tham tae Boses there werne mone
than twenty nales hanen on the ontade o the
caue Wy dont von e thas sath otheor Kds ol
wnects T TE wonbld ke o gt soenee praogedt

Secnee Tues naed the discen ey ol these odons to
Lelpe chomate nndvsanable maects BEwas tond
that Tennade ven ke hes canve ol oo athiactinge (o
male cochiaches odor Scentints e been able
torepedine e thie scent md Taseonvedat o attact
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Exercises

Hew Well Dud You Read’

PooONmve amt desc ne the theee Hhuopes of development
wines fsoy 06 e thiough

LUOWHAE v antage s thens sanses U epps bemg land i
verhann plants®

ToWhat o mehanorphose What are £ o dhfterpaces
boetwesa complete omd occinptete e phose®

4 WHAE P esses take poace doooe the growth o am
et

SoCar yan Hunk of iy advanbapes o saoie isects
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EXAMPLES OF ITEMS PRODUCED FROM TEXT

bl

1. Keyword Noun--Metamorphosis.

a. Text Sentence(s): After hatching, all insects, except the most primitive,
go through a series of steps in development. These
steps are called metamorphosis.

E

b. TItems (Stem and Foils) Produced by Ttem Writers:

(1) What are the sa2ries of steps in insect development called? ‘

(a) Mavuration (c) Symbiosis
(b) Metamorphosis (d) Meitosis i

(2) What are the sceps insects po through in development called? !
i
t
|

(a) Metamorphosis (c) Larva
(b) Arthropoda (d) Pupa

(3) What are a series of steps in development called?

(a) Reproduction (c) Metamorphosis
L (b) Larvae (d) Changes !

(4) What are the series of steps in insect development called?

(a) Encrytid (c) Arthorpoda
(b) Instar (d) Metamorphosis

T

c. Foils Produced Algorithmically:

E Growths
Metamorphosis
Types
Activities

2. Rare Singleton Noun--Silverfish.

a. Text Sentence: The most primitive insects, such as the silverfish, do
not go through metamorphosis.

b. TItems (Stem and Foils) Produced by Ttem Writers:

(1) What does not go through metamorphosis? The

é (a) Moth (c) Nymphs
(b) Silverfish (d) Butterfly

E (2) What do not go through metamorphosis? The most primitive insects,

1 such as
7 (a) Silverfish (c) Spiders
(b) Termites (d) Moths

(3) What insects do not go through metamorphosis? The primitive, such as

(a) Eggs (c) Chitin
(b) Silverfish (d) Butterflies

il
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(4) The wost primitive inseces, such as what, de not o through metamorphosis?

(a) Burtev{iies (¢) Cantnes
(b)Y Sttvertish {(d) Clcadas

c. Foils Produced Algorl atcaily:
Silvertish
Females
ndividuads
Wasps
Kevword Adfective--lamature,
a.  Text Sentence:  'nomost cases, cach egp produces a single {mmature insect.

b. Items (Stem and Foils) Produced by lrem Writers:

(1) What does ecach egp produce in most cases? A single

(0) Immature insect (¢) Adelescent insect
{(b) Adult insect () Mature insect ;

(2) What does ecach epyg produce in most cases? A single

(a) Oviparous insccet (¢) Mature insect
(b)Y Nvmphal insect (d) Immature insect

() In most cases, what does ecach egg produce? A single

(a) Dornant insect (¢) Adult insect
{(d) Adult insect (d) lmmature {nsect

o g

(4) What does each egp produce? A single 2

(@) Tmmature insect {¢7 Round inuect
(0) Mature ubsect (4) Adult insect

¢. Foils Produced Algorithmicallv:
Complete insect
Distinct insect
Immature iasect
Incomplete insec,

Rare Singleton Adjective--Pupal.

a. Text Seatence(s): A larva may continue to eat and grow all summer. As
cold weather approaches, 1t may build a cocoon and
pass into the pupal stage.

b. Irems (Stem and Foils) Produced by Ttem Writers:

(1) What mav a larva do as the cold weather approaches? Bulld a cocoon
and pass into the

{(a) Nymphal stage (¢) Pupal stage
(b) Parasitic stage {(d) Molt stage

A—4




(3)

As cold weather approaches, a
into what?

(a) Infant stape ()
(b) Adult stape (d)
Into what stape may the tarva
it builds a cocoon?  The

(1) Larval stage ()
(¢) Popal stape (d)

larva may build a cocoon and pass

Buttertly stape
Pupal stage

pass as cold weather approaches and

Skeletal stape
Nvmphal stape

As cold weather approaches, what mav a larva do? Build a cocoon
1

and pass into the

(1) Pupal stage (¢)
(b)) lNibernation stage (d)

Foils Produced Alporithmically:

Pupal stage
Nvmphal stage
Parasitic stage
Insect srage

bormant stage
Resting stape



DISTRIBUTION LIST

Chief of Naval Operations (O1-102) (2), (OP-11), (OP-98711)

Chicf of Naval Material (NMAT 08D2)

Chief of Naval Reascarch (Code 450) (3), (Code 452), (Code 458) (2)

Clhuel of Information (O1-225¢

Director of Navy Laboratories

Chiel of Naval Education and Trainmy (00A), (N-5), (N-9)

Chief of Naval Technical Training (Code 016), (Code N-824)

Commander Training, Command, LS. Atlantic Fleet (Code N3A)

Commandes;, Naval Militars Dersonnel Command (NMDPC-013C7)

Commanding, Officer, fFleet Combat Training Center, Pacific (Code 00L)

Commanding, Oflicer, Naval Educafon and Training Program Development Center (Tech-
nical Library) ()

Commanding Officer, Naval Education and Training Suppart Center, Pacific (Code NTR)

Commanding Officer, Naval llealth Sciences Education and Training Command (Code 2)
(2)

Commanding Officer, Naval Training Equipment Center (Technicat Library)

Officer in Charge, Naval Instructionat Program Development Detachment, Great Lakes

Officer in Charge, Naval fiducation and Training Information Systems Activity, Memphis
Detachment

Otlicer i Charge, Central Test Site for Personnet and Training Evaluation Program

Director, Training Analysis and Evaluation Group (TALG)

Provost, Naval Postgraduate School

Master Chief Petty Officer of the Forcee, Naval Education and Training Command (Code
003)

Personnet Rescarch Division, Air Foree Tuman Resources Loboratory (AIFSC), Brooks Arr
IForce Base

Qccupational and Manpower Research Division, Air Force Human Resources Laboratory
(A1SC), Drooks Air Force Base

Technical Library, Air Force THunman Resources Laboratory (AI'SC), Brooks Air Force Base

Flving Training Division, Air Force Human Resources Laboratory, Williams Air Foree Base

CNET Liaison Office, Air fforce Human Resources Laboratory, Williams Air Foree Bose

Technical Training Division, Air Force Tuman Resources Laboratory, Lowry Air Focee
Base

Advanced Systerms Diviston, Air Foroe {luman Resources Labaratory, Wright-Datterson
Air IFarce Base

Chief, Formal Training Division, Headquarters 3% Tactical amrhilt Training Group (MAC),
Little Rocl. Atr [Force Base

Prorram Manager, Life Sciences Directorate, Air Foree Office of Scientific Rescarch
(AITSO)

Army Rescarch Institute for the DBehavioral and Social Seiences (Reference Service)

Reoyy Rescarch Institute for the Behavioral and Social Scicnces Freld Unit--USAREUR
(1 ibrary)

LS. Aray TRADOC Systems Analysis Activity, White Sands Missile ange (ATTA-SL,
Library)

Dircctor, Defense Activity for Non-Traditional fducation Support

secretary Treasurer, TS, Naval Institute

Science  d Technology Division, Library of Congress

Commandant, Coast Guard Headquarters (G-D-1/62)

Commanding Officer, 1.8, Coast Guard Training, Center, Alameda

Connnmanding, Officer, TLS, Coast Guard Institute

Defense Technical Information Center (12)



